1. Introduction. -MacSithigh and Currie [1] have shown that for a nematic liquid crystal with J13 0, the apparent viscosity il in simple shear (with orientation lying in the plane of shear) has the following asymptotic form for large shearing force :
Here ç2 is a non-dimensional measure of the shearing force applied to the two plates :
where c is the shearing force, 2 h the gap width and k a typical free energy coefficient. The functions g and H depend on the viscosity coefficients, 0. is the Leslie angle and (J 1 the angle of orientation imposed by the strong-anchoring boundary condition.
The description of simple shearing flow given by priate to the main-stream orientation. Equation (1.1) gives explicitly the first order correction due to the boundary layers.
However, the range of validity of (1.1) will be greater than is suggested by this analysis in terms of boundary layers. The derivation of the formula shows that it will be a good approximation whenever the orientation at the point in the centre of the flow is close to 00. This first occurs at values of ç for which the influence of the boundary orientation is still felt over a substantial portion of the flow.
The purpose of this paper is to show that (1.1) will hold for other viscometric flows provided ç is defined appropriately. That this is likely to be the case is clear from the boundary-layer descriptions given by De Gennes [2] for plane Poiseuille flow and by Yun and Fredrickson [3] for other flows.
The derivation of (1.1) depends on two simplifying assumptions :
(i) the one-constant approximation for the free energy k 1 = k 3 = k ; (ii) the viscosity coefficient 111 = 0.
These approximations are justified in [1] . In addition, the Leslie angle 0. must exist, i.e. 113 0. For nematics close to a smectic transition 113 is positive [4] . In this case, the present analysis is no longer valid, and the flow patterns are very different [4, 5] .
It is assumed that the form of solution adopted here for each flow is stable. Some justification for this is given by the stability analysis for simple shearing flow [6] .
Numerical solutions of the equations governing various flows have been given by various authors [7, 8, 9, 10] . These It is assumed that the strong-anchoring boundary conditions permit an odd solution 0(-y) = -0(y), i.e. the orientation on the plates is arranged to satisfy for some given 01. Without loss in generality (JI is taken to satisfy 0c el n -0c, where (J c is the ' critical angle introduced in [6] and defined by with a = g(n/2), f3 = g(0). For small (Jo, (Je ~ -2 90. As suggested by the analysis for simple shearing flow [6] , it is assumed that Even with these restrictions, there are still two types of solution satisfying the boundary conditions (2.4), namely
With the + sign, 0(0) = n/2 while with the -sign 0(0) = 0. The second of these alternatives seems more likely at high flow rates. Indeed, for radial flow between parallel discs with homeotropic boundary orientation (01 = n/2), Hiltrop and Fischer [13] have observed a transition from the first regime to the second with increasing flow rate.
We shall see below that the asymptotic formula is insensitive to the differences between these alternative solutions.
From (2.2) the flux of fluid Q per unit width of the flow is given by since 0'(h) = 0'(-h). Also, from (2 . 2)
As c -oo it follows from (2.2) that, for y &#x3E; 0, 0 -00 everywhere except for a thin boundary layer on the wall and an adjustment layer at the centre. This is observed optically by Gahwiller [14] , and discussed by De Gennes ( [2] , page 171). Take y in (2.9) to be a position in the main-stream, outside both these layers. Then ([17] , Fig. 7 ).
It is seen that these points lie on a straight line provided ç is large enough. Curves B and C correspond to data for supposedly parallel orientation ( [13] , Fig. 8 ). It has already been argued [18] that this data does not correspond to the same boundary orientation in each case, and hence two lines result. However, they are both straight and pass through the same point on the axis at line A, as required.
